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Hie present invention relates to a 
method and arrangement for location man- 
agement in connection with packet data 
transmission. Hie mobile communication 
system comprises dedicated location man- 
agement and location updating for mobile 
stations using a packet service in addition to 
the normal location management and loca- 
tion area configuration. This location man- 
agement of the packet service takes place 
with an accuracy of one cell or a group 
consisting of a few cells. When a mobile 
station desires to use the data service, it 
initiates the establishment of a virtual con- 
nection and is registered in a dedicated data 
service database. At the same time, data in- 
dicating the cell or group of cells in which 
the mobile station is currently located is 
stored in the data service database. When 
the mobile station moves from a cell or 
group of cells into another, the new location 
data is updated in the data service database. 
All paging messages and data packets relat- 
ing to the data service are transmitted via 
the cell or group of cells determined by the 
location data of the data service, which re- 
sults in a smaller amount of signalling in 




comparison with a case where the normal 
location area configuration of the cellular network is used. When the use of the packet service ends and the virtual connection is released, 
the registration of the mobile station in the data service database is removed and only the normal location management of the mobile 
communication network is performed on the mobile station. 
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Location updating for a packet-switched data service in 
a mobile communication system 

Field of the Invention 
5 The present invention relates to a location 

management method for packet data transmission in a 
mobile communication system between a mobile station and 
a data service center establishing an interface to a 
data network, said method comprising the maintenance and 

10 updating of location data of the mobile station in a 

subscriber database of the cellular network in 
accordance with the location area configuration employed 
in the cellular network. 
Background of the Invention 

15 In cellular radio systems, which are generally 

referred to as mobile communication systems herein, the 
geographical area covered by the system is divided into 
smaller radio areas, i.e. radio cells, to make the 
utilization of the frequency band of the system more 

20 efficient. Mobile radio stations, i.e. mobile stations, 

may freely move from a cell to another within the system 
area. In order that mobile-terminating calls and 
signalling could be routed to the correct location in 
a cellular radio network, the cellular radio network 

25 maintains the location data of mobile stations in the 

subscriber databases of the cellular radio network. 

Typically, a cellular radio network knows the 
location of mobile stations with an accuracy of a so- 
called location area, which consists of one or more 

30 cells, i.e. a group of cells. The location data of a 

mobile station in subscriber databases is updated only 
if the mobile station moves from a location area into 
another. This type of location updating based on a 
location area is a compromise between location updating 
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carried out in each cell and PLMN-based (Public Land 
Mobile Network) location updating. The disadvantage of 
PLMN-based location updating is that in a case of a 
mobile-terminating call, the paging message is 
5 transmitted in all cells within the PLMN. Furthermore, 

all paging messages are repeated, for instance three 
times, to increase the probability of reception. This 
manner of proceeding consumes the frequency band. In a 
case where location updating takes place in connection 

10 with every cell crossover, there is a significant 

increase in the number of location updating messages. 
This consumes the capacity of the radio path, and the 
need for data processing in mobile services switching 
centers and base station controllers also increases. 

15 The location updating and location management 

based on location areas operate in a satisfactory manner 
in conventional networks. 

Finnish Patent Applications 933,894 and 
940,314, the applicant of which is the same as of the 

20 present application and which are unpublished on the 

filing date of the present application, disclose new 
packet data transfer modes between a mobile station and 
a special data service center. The packet service center 
produces an interworking function between the cellular 

25 radio network and a separate data network. Data packets 

are transmitted between a mobile station capable of data 
transmission and the packet service unit by using a so- 
called virtual connection. In this case, 1) a circuit- 
switched connection through the cellular network is only 

30 established for the period of time required for 

transmitting a single packet or 2) packets are 



t ransferr ed through the cellular ra dio network on rne" 
basis of the address on a data packet according to the 
node-to-node scheme entirely without a circuit-switched 
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connection by using the network eleme nts of the cellular 
network as nodes* 



In the first case, /described in Finnish Paten- 
n 933,894, the d&tfa service center informs 
tion, via a common downlink paging channel 

transmission, as a result O] 
itilates the establishment 



st! 

^incoming data packet 
the piobile station ir 



cuit4switched connect ion\ in the network by usipg 
set-up data associated witn the virtual connectic 
the packet transmission has been completed, 4ht. 
cirfcuit-swifcched connection is jWnediately released knc 
onJ|.y the visual connection, i.el the switching data! of 
xi, is retainep. Inf canning of incoming djata 
transmissions takes place in ceiLs via common pacing 
channels by imping paging messages .\ The number of pdgxng 
messages relating to packet transmission in cells /thus 
ra dically increases with *:he number of subscribers using 

zb end the amount of placket 
transmission. If the location management of a cellular 
ne work is based\on location areas, aWobile stat Lon is 
inlormed of an inconing data transmission 
transmitting a paging nessage in edph cell df 



As 



bandl 



result of this, the consumption of 
is greatly increased. If, however, 
is maintained in \ the cellular 
of one cell, th^ transnfission 



?n th< 



by 
the 



other 
entire 



35 



location area 
the! frequency 
locc tion information 
network with an accu^racs 

of idultiple paging me^sa^es is avoided but 
hand , the amount of \lopation updating in 
cellular network increases. 

In datagram-based connectionless packet 
transmission, disclosed in Finnish Patent Application 
940,314, there is no circuit-switched path between a 
mobile station and the packet service center during data 
transmission. On the radio path, data packets are 
primarily transmitted by using a dedicated media access 
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control, derived from Aloha- type or other expedited call 
set-up signalling. Thus, it is also necessary in this 
other method to transmit paging or packet messages to 
a mobile station on paging channels in a case of an 
incoming packet transmission, whereby a similar conflict 
between the optimization of the number of paging 
messages and the amount of location updating arises. 
Summary of the Invention 

The object of the present invention is to 
arrange location management relating to data packet 



transmission in a cellular 



network in such a manner that 



it is advantageous as regards both the normal operation 



of the network and packet 
This is achieved 



4ata transmission, 
with a location management 



35 



method, characterized according to the invention in that 
the method comprises the steps of 

registering a mobille station as a subscriber 
to a user database of a da-qa service at the beginning 
of a virtual connection, 

maintaining and updating location data of the 
mobile station in said data service database with an 
accuracy of one cell or group of cells, 

transmitting data packets and messages to the 
mobile station only via the cell or group of cells 
indicated by the location dajta contained in said data 
service user database. 

The present invention also relates to an 
arrangement for location management in connection with 
packet data transmission in) a mobile communication 
system comprising 

a mobile station, 

a mobile services switching center, 
at least one subscriber database, in which the 

location data of the mobile station is maintained and 

updated. 
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a data service center, which establishes a data 
connection from the mobile conmunication network to a 
data network, 

means for establishing a virtual packet data 
connection through the mobile communication network 
between the mobile station and the data service center. 

The arrangement is characterized in that the 
arrangement comprises 

a data service subscriber database, in which 
a mobile station is registered at the beginning of a 
virtual packet data connection land in which the location 
data of the mobile station is maintained during the 
virtual packet data connection! with an accuracy of one 
cell or group of cells. 1 

The basic idea of the (invention is to provide 
separate location management anp location updating for 
packet data transmission in addition to the normal 
location management and location area configuration of 
a mobile communication system 
management and location area 
network are optimized for the normal use of the network 
as regards both the amount of j location updating and 
paging signalling. In addition, according to the 
invention, other location data ils maintained for mobile 
stations which use packet data service. This location 
management of the packet data service takes place with 
an accuracy of one cell or a gr^oup consisting of a few 
cells. When a mobile station desires to use the data 
service, it initiates the establishment of a virtual 
connection and is registered in 
database. At the same time, the 
group of cells within which 
currently located is stored I in the data service 
database. When the mobile station moves from a cell or 
group of cells into another, ttye new location data is 



The normal location 
configuration of the 



a dedicated data service 
identity of the cell or 
the mobile station is 
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updated in the data service database . All paging 
messages and data packets relating to the data service 
are transmitted via the ceJl or group of cells 
determined by the location da^a of the data service, 
which results in a smaller aiiount of signalling in 
comparison with a case where the normal location area 
configuration of the cellular network is used. When the 



imds and the virtual 
istration of the mobile 



use of the packet service 
connection is released, the re 
station in the data service database is removed and only 
the normal location management of the mobile 
communication network is performed on the mobile 
station. Accordingly, even though the location updating 
frequency of a single mobile station typically increases 
during the use of the data servip^, this increase in the 



pnly temporary and i s 
a^small number of mobile 



the entire cellular 



amount of location updating is 
simultaneously directed to only 

stations, the resulting increase in signalling being 
thus relatively low as regards 
network - 

The extra signalling caused by location 
updating can be diminished by prov iding the data packets 
arriving at the data service center from a mobile 
station with the identifier of the cell or group of 
cells from which the mobile station transmitted them. 
The data service center compares 
cell or group of cells contained 
packet with a previous identif 
service database, and if it notibejs that the identifier 
has changed, it updates the loca^4 on data of the mobile 
station in the database with th 
procedure makes it possible to 
or even entirely avoid the si] 
location updating during packet 



the identifier of the 
by the received data 
efc stored in the data 



new identifier. This 
::gnificantly diminish 
nailing relating to 
ta transmission. The 



mobile station itself or the 'mobile communication 
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network may insert the required identifier in a data 
packet before the data packet} is transmitted to the data 
service center. 

Other preferred embodiments of the invention 
are described in the subclaims. 
Brief Description of the Figures 

In the following, the invention will be 
described by means of pref err sd illustrating embodiments 
with reference to the accompanying drawing, in which 

Figure 1 illustrates a mobile communication 
network of the invention an 3 its connection with data 
networks, 

Figure 2 illustrc tes the normal location 
updating procedure of a mobile communication network, 

Figure 3 illustrates the data service location 
updating according to the invention. 

Figure 4 shows a p«cket format, used between 
a base station controller and a packet handling center, 

Figure 5 shows a packet format, used between 
a base station and a base station controller. 
Preferred Embodiments of the Invention 

The present invention can be used in all 
digital mobile communication systems in which packet 
transmission according to Finnish Patent Application 
933,894 or 940,314, or similar type of packet 
transmission, is applied. The invention can be used 
particularly advantageously in the pan-European digital 
mobile communication system GSM and in digital systems 
corresponding to it, such as DCS1800 and PCN. In the 
following, the preferred embodiments of the invention 
will be described as implemented in the GSM system, 
without restricting the invention to it, however. 

As to the detailed structure and operation of 
the GSM system, the GSM recommendations of ETSI and the 
book "The GSM system for Mobile Communications", M. 
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Mouly & M. Pautet, Palaiseau, France, ISBN: 2-9507190-0- 
7, are referred to. 

Figure 1 shows a part of the GSM cellular radio 
system. In the cellular radio system, the area covered 
5 by the system is divided into radio cells. Base station 

systems BSS are connected to a mobile services switching 
center MSC by digital transmission links 9 (only two of 
these systems being shown in the figure for the sake of 
clarity ) . Each base station system BSS comprises a base 
10 station controller BSC, to which are further connected 

one or more base stations BTS by digital transmission 
links 8. Typically, the radio coverage area of one base 
station BTS forms one radio cell. Each base station BTS1 
- BTS4 is assigned a number of radio carriers. A signal 
15 in the GSM system consists of TDMA (Time Division 

Multiple Access) frames, each of which preferably 
contains eight time slots, by which logical channels are 
transferred. The logical channels include traffic 
channels for the calls (speech and data) set up wi^th 
20 mobile radio stations MS located in a cell, and control 

channels for the signalling carried out with the mobile 
radio stations MS (mobile stations) located in a cell. 

In the preferred embodiment of the invention 
shown in Figure 1, a data service center AGENT 19 is 
25 also connected to the mobile services switching center 

MSC 10, the data service center being a process or a 
computer. The data service center is usually referred 
to as Agent. The data service center may be a new 
Interworking Functionality (IWF), which is intended for 
packet data, but it may also include other data 
functions in addition to the IWF. The location of the 
data service center in the network is not essential as 
regards the invention. The data service center may be 
connected to a mobile services switching center MSC, a 
base station controller BSC (like AGENT 19') or a base 
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station BTS (like AGENT 19' by a dashed line 21). The 
operation of the data service center AGENT is fairly 
similar in all the alternatives. Packets from all mobile 
stations within a specified area are routed to the data 
5 service center, irrespective of the location of the data 

service center. The routing can be based on Signalling 
System 7, ATM, Internet, X.25, and so forth. In a normal 
case, the data service center AGENT handles all traffic 
at the next lowest hierarchical level. In the case of 

10 a data service center connected to a mobile services 

switching center MSC, the data service center controls 
mobile stations within the area of several base station 
controllers BSC connected to this mobile services 
switching center. A data service center connected to 3 

15 base station controller BSC controls mobile stations 

within the area of one base station controller BSC and 
within the area of several base stations BTS connected 
to this base station controller. A data service center 
connected to a base station BTS handles the packet 

20 traffic of one base station BTS. However, it is- 

possible that the data service center AGENT connected 
to the base station controller BSC or the base station 
BTS also handles the packet traffic of mobile stations 
connected to other base station controllers. In this 

25 case, centralizing protocol is used between the base 

station controllers BSC or the base stations BTS. 

The purpose of the data service center AGENT 
is to provide advanced services without overloading the 
capacity of the mobile services switching center MSC or 

30 the base station controller BSC. The transmission of 

packets to and from the data service center is carried 
out in a transparent manner. The mobile services 
switching center MSC and the base station controller BSC 
route the packet data without handling it any further. 
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The packets are opened and handled in the data service 
center only. 

All data packets arriving from the mobile 
stations MS located in the service area of the data 
5 service center AGENT 19 are transmitted to it. In 

addition, a database DB 22 is connected to the data 
service center 19 for carrying out the location 
management of the mobile stations MS using the data 
service, as will be described in more detail below. One 

10 alternative to the separate database DB 22 is a 

corresponding database combined with the normal 
registers of a mobile communication system, for instance 
VLR and HLR in a GSM network. The AGENT 19 is thus 
provided with a link to such a register. In the 

15 preferred embodiment of the invention shown in Figute 

1, the data service center AGENT 19 is connected by *a 
conventional router 18 to external data networks, such 
as a WAN ( Wide Area Network ) . The service center AGENT 
19 or AGENT 19' thus provides an interface between the 

20 mobile services switching center MSC 10, or 

correspondingly the base station controller BSC or the 
base station BTS, and external networks, such as a WAN. 

A ^virtual connection according to Finnish 
Patent Application 933,894 may be est£blr±€hed through 

25 the mobile communication networj*^ between a mobile 

station MS using\the data servieie and the data service 
center, a circuit- switched rarmection between the mobile 
station MS and the ses^iefe center AGENT 19 being thus 
established only for ytih^neriod of time required for 

30 transmitting a data packets. With the use of this 

procedure, the operation and structure of the mobile 
communication /network as regains packet data 
transmission/are in accordance withNFinnish Patent 
Application 933,894, which is incorporated herein by 

35 reference. 
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In a second embodiment of the invention, packet 
data transmission between the service center AGENT 19 
and base stations BTS through the mobile communication 
network takes place, without a circuit-switched 
5 connection, according to the node-to-node scheme by 

, means of the add ress contained by a data packet i n a 
manner disclosed in Finnish Patent Application 940,314 , 
which is incorporated herein by reference. On the radio 
path, data packets are transmitted on a dedicated radio 

10 channel by using a new type of media access control, 

derived from Aloha-type or other expedited call set-up 
signalling. An example of this type of media access 
control suitable for packet data transmission is 
disclosed in Finnish Patent Applications 923,667, 

15 923,668 and 923,669, which are incorporated herein by 

reference . 

However, it should be noticed that the location 
management of the present invention is highly 
independent of the packet data transmission procedure 
20 used in the mobile communication network, except that 

a virtual connection should be connected with the packet 
data transmission, this virtual connection requiring a 
mobile station to be paged on common paging channels on 
the radio path. 

25 In the following, the present invention will 

be described by using as an example a datagram-based 
transfer method in a GSM network, this method being in 
accordance with Finnish Patent Application 940,314, i.e. 
there is no circuit-switched path established between 

30 a mobile station MS and the packet service center AGENT 

19 during data transmission. 

In the mobile communication network of the 
invention, data on the location of the mobile station 
MS is maintained in subscriber databases, in accordance 

35 with the location area configuration determined in the 
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network, so as to enable the routing of incoming calls 
to the mobile station by normal network procedures, or 
to page the mobile station for some other reason. This 
normal location management and location updating of the 
5 mobile communication network also relate to those mobile 

stations MS which are currently using the data service 
provided with dedicated location management according 
to the invention. Typically, a cellular network knows 
the location of mobile stations MS with an accuracy of 

10 a larger area consisting of several cells, this area 

being generally referred to as a location area. 

The normal location updating of a cellular 
network is illustrated in Figure 2, which shows two 
location areas LAI and LA2 with cells CI - C6 and C7 - 

15 C13, respectively. The base stations of the cellular 

network constantly broadcast information on themselves 
and their neighborhood, for instance location area 
identifiers LAI, base station identifiers BSI, base 
station type identifiers BSTI, etc. A mobile station MS 

20 registered in a cell knows which location area the base 

station BTS belongs to on the basis of the location area 
identifier broadcast by the base station BTS. If the MS 
observes that the location area identifier LAI changes 
when the base station BTS is changed, i.e. that the 

25 location area LA changes, the MS initiates location 

updating by transmitting a location updating request to 
the cellular radio network. In Figure 2, the change of 
location area and location updating take place on route 
A-B at joints I, II and III. If the location area is not 

30 changed, the MS does not perform location updating. This 

is the case for instance on transition from cell C2 to 
cell C3 within location area LAI. 

The location updating causes the subscriber 
information of the MS to be updated in the subscriber 

35 database of the cellular radio network. For instance in 
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the mobile communication system illustrated in Figure 
1, the location area information of a mobile station MS 
is stored in a visitor location register VLR, of which 
there are typically one for each mobile services 
5 switching center MSC. In addition, the mobile 

communication network comprises one centralized 
subscriber register, a home location register HLR, which 
is aware of the VLR within the area of which the MS is 
located. When the mobile station MS is to be paged for 

10 some reason, the corresponding location area information 

is retrieved from the visitor location register VLR, and 
the mobile station MS is paged in each cell of the 
location area concerned. 

In accordance with the invention, other 

15 location information is maintained for the mobile 

stations MS which are using the packet data service, for 
instance in the data service database 22 located in 
connection with the data service center 19, or as a part 
of the normal subscriber database. If the system 

20 comprises several data services, it is possible to 

maintain dedicated location area information for each 
service, if required. The normal location updating in 
a mobile communication network described in connection 
with Figure 2 is, however, simultaneously performed on 

25 the mobile station MS using the data service. In the 

preferred embodiment of the invention, the location 
management of the data service is based on location 
updating taking place in connection with each crossover. 
This is illustrated in Figure 3. Alternatively, the 

30 location management of the data service may employ 

"location areas", which include several cells. 

With reference to Figure 3, when the mobile 
station using the data service travels the route from 
location A to location B as shown in Figure 2, it 

35 performs location updatings I -VII shown in Figure 3 into 
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the database 22 of the data service center during every 
cell crossover in addition to performing the normal 
location updatings of Figure 2. When data pack ets or 
paging messages relating to packet data transmission are 
5 t ransm itted to the mobile station MS in the downlink 

directi on (mobile station MS- t erminating transmissions ) , 
t hey are only transmitted in the cell indicated by the 
location data contained by the data base 22 instead of 
the ^ entir e location area LAI or LA2 . if the mobile 
station MS is not using the packet data service, only 
the normal location updating according to Figure 2 is 
performed on it on route A-B. 

In the following, the location updating of the 
invention will be described in more detail from 
beginning to end. The mobile station MS desiring to use 
the datagram-based method in a mobile communication 
network registers in that data service center AGENT 19 
which serves the area within which the mobile station 
is located at that particular moment. The service center 
19 registers the mobile station MS in its database 22 
as one customer located within the service area of the 
service center . At the moment of registration, the data 
service center AGENT 19 asslgns^th e^ mobi le station a 
mobile station identifier . This identifier is unique 
within the entire service area of the service center. 
The mobile station identifier is used in every packet 
leaving from and terminating at a mobile station for 
identifying the transmitting and, correspondingly, the 
receiving mobile station. I n_ the mobile- terminating 
30 d irection, this identifie r can be used on the common 

callin g channel for identifying the destination of a 
j&a cket . At the registration stage, there is also an 
exchange of ciphering keys which are used in the packets 
transmitted subsequently. During the virtual connection 
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established in this manner, the mobile station MS is 
able to use the datagram-based transfer method. 

Location updating information is transmitted 
to the service center AGENT 19 every time the mobile 
5 station MS crosses the boundary between two cells. In 

the preferred embodiment of the invention, the location 
information in the database 22 of the data service is 
based on the accuracy of one cell, i.e. the smallest 
geographical area possible. This is a way of decreasing 

10 the number of packets transmitted unnecessarily to the 

cells. The mobile station MS is registered in the 
direction of the service center AGENT 19 by transmitting 
a location updating control packet. In this packet, the 
mobile station MS transmits its identifier, and the 

15 control field indicates to the service center 19 an 

incoming control packet. The relaying mobile 
communication network element, such as a base station 
controller BSC, adds to the location updating control 
packet the identifier of the cell from which the packet 

20 was received, and transmits the packet further to the 

service center AGENT 19. AGENT 19 uses this cell 
identifier for location updating purposes by comparing 
it with the current location data of the mobile station 
MS in the database 22 and by updating the location data 

25 of the mobile station MS in the database 22 if the 

received identifier and the stored identifier differ 
from each other. The mobile station MS recognizes the 
need for a cell crossover by monitoring the broadcast 
carrier of the cell. In present-day cellular systems, 

30 such as the GSM, a common channel exists for 

transmitting control information to mobile stations. By 
monitoring this channel, the mobile station MS is able 
to decide on the necessity for a cell crossover. 

In present-day cellular systems, handover 

35 functions are mainly carried out by the network 
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infrastructure. A slight degree of decentralization has 
been achieved by allowing mobile stations to measure the 
quality of a channel and to transmit measuring reports 
to the network infrastructure. 

5 The mobile station MS using the packet data 

service monitors the control channels of the mobile 
communication network and makes an independent decision 
on location updating. An algorithm especially intended 
for the location updating of the data service is used 

0 in the decision-making. This algorithm can be based for 

instance on the level of a signal received by the mobile 
station, the quality of a signal (for instance the bit 
error rate), other corresponding criteria or the 
different combinations thereof. In order to prevent 

5 back-and-forth location updatings between two cells in 

their boundary area, the criteria used in decision- 
making are determined in such a manner that there is 
hysteresis in the boundary areas of the cells during 
location updating, i.e. the location updating criteria 

0 from a cell to another are different in one direction 

than in the opposite direction. The location updating 
can alternatively be carried out every time the mobile 
station MS performs a cell crossover or handover in the 
mobile communication network according to the normal 

5 procedures of the mobile communication network. 

If a mobile station has data to be transmitted 
when it is crossing a cell boundary, the mobile station 
transmits a normal information packet after the 
connection with the new cell has been established. The 

D _data packets transmitted b etween the mobile station MS 

and the packet service center AGENT 19 c onsist of a 
mob ile station iden tifier MS ID, a possible control 
information field CONTROL, and a data field DATA, as 
^illustrated in Figure 5. If the data service center is 

5 connected with a mobile services switching center MSC, 
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as the data service center AGENT 19 , the base station 

syste m , usually the base station contro ller BSC, add s 

to the data packet , such as shown in Figure 5, received 

from the mobile station MS *h<* noi i ^p,ntif jp.r nf *ht> 

5 c ell from which the data packet was received , an d 

fo rwards the __resultin g data pac ket, such as shown in 

Figure 4. to the data — service — center A GENT 19 . 

.Cor resp ondi ngly, when the data service center, such as 

the AGENT 19 ' . is conn^rrteri w ith a base station 

— ■ 

10 controller, the base st ation c ontroller provides th e 

data packet to be transmitted to th e data s ervice centier 
withthe^cell identifier PFT.T, T P of the cell from which _ 
tlie"~packet wa s received. If the packet service center 
is connected directly to a base station BTS, as AGENT 

15 19 by the dashed line 21, the situation may be slightly 

different. In this case, the mobile station MS provides 
the data packet with a cell identifier CELL ID and 
transmits the data packet according to Figure 4 . The 
mobile station is informed of which base station it is 

20 registered in by system information transmitted on 

common downlink control channels. 

When the data service center AGENT 19 receives 
the data packet according to Figure 4, it compares the 
cell information CELL ID contained by the data packet 

25 with the location data of the mobile station MS stored 

in the data service database 22, this location data also 
being a cell identifier CELL ID. If the received cell 
identifier is different, the data service center updates 
the location data of the mobile station MS in the 

30 database 22 with this new cell identifier. With this 

updating method based on the cell identifier in a data 
packet, it is possible to avoid the transmission of 
separate updating control messages and thus to save 
frequency band on the radio interface as well as the 
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data processing capacity required by the data service 
center AGENT 19. 

As an additional aspect, the invention may 
comprise a location updating acknowledgement transmitted 
5 by the data service center AGENT 19. If the mobile 

station MS does not receive the acknowledgement, it 
repeats the location updating. By means of the 
acknowledgement procedure, it is possible to prevent the 
possibility that the location updating performed by the 

10 mobile station MS will be ignored by the data service 

center 19, for instance due to a transmission error, in 
which case the subsequent packets intended for the 
mobile station would be transmitted to a wrong cell 
according to the previous location data. The loss of 

15 data packets during location updating and cell crossover 

can further be prevented in such a manner that the 
mobile station MS transmits a message to the service 
center 19 at the beginning of a crossover, which message 
indicates that the mobile station is not ready to 

20 receive data packets. When the cell crossover has been 

performed, the mobile station MS indicates to the 
service center 19 by another message that the packet 
transmission can continue. Of course, this procedure is 
only used if the cell crossover is performed within the 

25 area of the same service center 19. After the cell 

crossover, the mobile station MS can also indicate which 
data packet it has received last, whereby the service 
center 19 is able to continue the transmission with the 
correct data packet. However, it is possible, if 

30 required, to omit the acknowledgement procedure in the 

case described above, in which the location updating is 
transmitted with the data packet. In this case, the 
upper level protocol related to packet transmission 
handles the retransmission of a data packet in any case 

35 if it is lost for some reason. If the data service 
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center AGENT 19 does not thus receive an acknowledgement 
of some data packet or a group of data packets, one 
reason for this may be the erroneous location 
information of the mobile station. After having 
5 performed a predetermined number of unsuccessful 

transmission attempts to the cell indicated by the 
location data in the database 22 , the data service 
center 19 may transmit the data packet within a larger 
area, such as the entire location area, and wait for an 

10 acknowledgement again. In the acknowledgement message 

transmitted by the mobile station MS, the mobile station 
identifier MS ID and the cell identifier CELL ID 
indicate to the data service center the current location 
of the mobile station. The data service center AGENT 19 

15 updates this new location to the database 22 and 

continues to transmit the packets intended for the 
mobile station only to the cell indicated by this 
location data. 

The virtual connection can be terminated by the 

20 mobile station if there is no more data to be 

transmitted. The mobile station thus transmits a virtual 
channel termination packet to the data service center 
19, as a result of which all the information relating 
to this mobile station in the database 22 of the data 

25 service is removed. 

In a case where the mobile station MS moves 
into the area of another data service center AGENT 19, 
the virtual connection with the current data service 
center is terminated, and the new virtual connection is 

30 established immediately with the new data service 

center. 

To optimize the power consumption of a mobile 
station, the normal paging of the mobile communication 
network may be combined with packet data paging. The 
35 packet data paging is a quick way of delivering the data 
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packets addressed to a mobile station. When the mobile 
station is not expecting packet traffic, it can enter 
a power saving mode. In this state, it listens to the 
paging channel less frequently than in the normal 
5 operation state. Due to the logic channel structure, it 

is possible to transmit paging time slots less 
frequently, whereby it is not necessary for the mobile 
station to monitor paging messages as often as in the 
normal state. On the other hand, the packet data paging 

10 can be combined with the call paging of the mobile 

communication network. The mobile station thus listens 
to the normal paging channel only and receives the data 
packets and calls addressed to it. 

The size of the groups of cells used in data 

15 service location updating may be different for different 

packet data services. For instance with services in 
which the number of transmissions and receptions in a 
time unit is high, the updating may take place within 
the area of one cell or a few cells. With services in 

20 which the number of transmissions and receptions in a 

time unit is low, a larger group of cells can be used 
in location updating. The size of the area used in 
location updating may also vary according to mobile 
stations, for instance a mobile station 1 may have a 

25 different updating area structure than a mobile station 

2. 

The figures and the description relating 
thereto are only intended to illustrate the present 
invention. In their details, the location management 
30 method and arrangement of the invention may vary within 

the scope of the appended claims. 
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Claims 

1. A location management method for packet 
data transmission in a mobile communication system 

5 between a mobile station and a data service center 

establishing an interface to a data network, said method 
comprising the maintenance and updating of location data 
of the mobile station in a subscriber database of the 
cellular network in accordance with the location area 
10 configuration employed in the cellular network, 

characterized in that the method further 
comprises the steps of 

registering a mobile station as a subscriber 
to a user database of a data service at the beginning 
15 of a virtual connection, 

maintaining and updating location data of the 
mobile station in said data service database with an 
. accuracy of one cell or group of cells, 

transmitting data packets and messages to the 
20 mobile station only via the cell or group of cells 

indicated by the location data contained in said data 
service user database. 

2. A method according to claim 1, char- 
acterized by the steps of 

25 transmitting a location updating message from 

the mobile station to the data service center every time 
the mobile station crosses the boundary between two 
cells or groups of cells, said location updating message 
containing the identifier of a new cell or group of 

30 cells, 

updating the location data of the mobile 
station in said data service subscriber database with 
the identifier contained by said location updating 
message. 

35 3. A method according to claim 1, char- 
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acterized by the steps of 

transmitting a location updating message 
addressed to the data service center from the mobile 
station every time the mobile station crosses the 
5 boundary between two cells or groups of cells, 

adding to the location updating message at the 
base station, base station controller or mobile services 
switching center of the mobile communication system the 
identifier of the cell or group of cells from which the 
0 location updating message was received, 

transmitting the location updating message 
provided with said identifier to the data service 
center, updating the location data of the mobile station 
in said data service user database with the identifier 
5 contained by said location updating message* 

4. A method according to claim 2 or 3, 
characterized by the steps of > 

transmitting an acknowledgement from the data 
service center to the mobile station when the location 
0 data of the mobile station in said data service user 

database is updated with the identifier contained by 
said location updating message. 

5* A method according to claim 1, char- 
acterized by the steps of 
5 transmitting a normal data packet from the 

mobile station to the data service center immediately 
after moving into a new cell or group of cells, 

adding to the data packet at the base station, 
base station controller or mobile services switching 
0 center of the mobile communication system the identifier 

of the cell or group of cells from which the data packet 
was received, 

transmitting the data packet provided with said 
identifier to the data service center, 
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observing at the service center that the 
identifier of the cell or group of cells contained by 
the received data packet is different than the location 
data of the mobile station in the data service user 
5 database, 

updating the location data of the mobile 
station in the data service user database with the new 
identifier contained by the received data packet. 

6. A method according to any one of the 
10 preceding claims, characterized in that 

after a cell crossover, the mobile station informs the 
service center of which data packet it has received last 
before the crossover, and in that the service center 
continues the transmission from the data packet 
15 subsequent to this reported data packet. 

7. A method according to any one of the 
preceding claims, characterized in that 

at the beginning of a cell crossover, the 
mobile station transmits a message to the service 
20 center, which message indicates that the mobile station 

is not ready to receive data packets, 

after the cell crossover, the mobile station 
transmits a message to the service center, which message 
indicates that the transmission of data packets can 
25 continue. 

8. A method according to any one of the 
preceding claims, characterized in that 

the mobile station enters a power saving mode 
when it is not expecting data packets, 
30 the mobile station monitors the paging channel 

less frequently in the power saving mode than in the 
normal operation state* 

9. A method according to any one of the 
preceding claims, characterized in that the 

35 mobile station monitors a normal call paging channel 
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only and receives the data packets and calls addressed 
to it. 

10, A method according to any one of the 
preceding claims, characterized in that the 
5 number of the cells of said group of cells, this number 

determining the accuracy of location updating, is mobile 
station-specific, data service-specific and/or dependent 
on the amount of data packet traffic directed to the 
mobile station. 

10 11. An arrangement for location management in 

connection with packet data transmission in a mobile 
communication system comprising 
a mobile station (MS), 

a mobile services switching center (MSC), 
15 at least one subscriber database (HLR, VLR1), 

in which the location data of the mobile station is 
maintained and updated, 

a data service center (AGENT), which 
establishes a data connection from the mobile 
20 communication network to a data network (WAN), 

means for establishing a virtual packet data 
connection through the mobile communication network 
between the mobile station and the data service center, 
characterized in that the 
25 arrangement comprises 

a data service subscriber database ( DB ) , in 
which a mobile station (MS) is registered at the 
beginning of a virtual packet data connection and in 
which the location data of the mobile station is 
30 maintained during the virtual packet data connection 

with an accuracy of one cell or group of cells. 

12. An arrangement according to claim 11, 
characterized in that 

the mobile communication network comprises 
35 means which add, at the base station (BTS), base station 
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controller (BSC) or mobile services switching center 
(MSC) of the mobile communication system, to the data 
packet received from the mobile station the identifier 
(CELL ID) of the cell or group of cells from which the 
5 data packet was received, and transmit the data packet 

provided with said identifier to the data service center 
(AGENT), 

the data service center ( AGENT ) comprises means 
which, in response to the identifier of the cell or 

10 group of cells contained by the received data packet 

being different from the location data of the mobile 
station in the data service center database, update the 
location data of the mobile station in the user database 
(DB) of the data service with the new identifier 

15 contained by the received data packet. 

13. An arrangement according to claim 11 or 
12, characterized in that 

the data service center (AGENT) comprises means 
for transmitting an acknowledgement to the mobile 
20 station (MS) when the location data of the mobile 

station in said data service user database is updated. 

14. An arrangement according to claim 11, 12 
or 13, characterized in that the data 
service center (AGENT) is connected with a base station 

25 (BTS), base station controller (BSC) or mobile services 

switching center (MSC) of the mobile communication 
network . 
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